Methods
Observations were made on whole blood or serum separated naturally from the clot, taken with aseptic precautions from 76 cases of rheumatoid arthritis in the St John's and Highfield Hospitals, Droitwich, and the Queen Elizabeth Hospital, Birmingham. The cases were diagnosed by clinical findings, x rays, and serological tests, and specimens were provided by courtesy of Drs. C. F. Hawkins, A. J. Popert, and J. D. Goode. For comparison, a strain of Mycoplasma arthritidis (Campo) was examined; this was provided by courtesy of Dr. D. G. ff. Edward. Primary cultures were made by one of two methods: (1) 15 ml. of Brewer's medium (Oxoid) was placed in screw-stoppered McCartney bottles, and autoclaved for 15 min. at 15 lb.; 2 ml. of the patient's serum was then added to each with sterile precautions. Incubation was at 370 C.
(2) 10 ml. of a medium containing I per cent. peptone, 1 per cent. Lab. Lemco, 0 25 per cent. yeast extract, and 0 5 per cent. sodium chloride, in water at pH 7-8 was placed in screw-stoppered McCartney bottles, and autoclaved for 15 min. at 15 lb.; 1 ml. of the patient's whole blood was then added to each with sterile precautions. Incubation was at 370 C.
No native protein or other unsterilized material, other than the inoculum, was added to the medium, in either method, to avoid the possibility of contamination with foreign L-forms or mycoplasmas, against which filtration is not an adequate defence (Pease, 1967) .
As a control against contamination, subcultures were made when the cultures were prepared, and at intervals thereafter (see Results) on PPLO agar (Difco), horse blood agar, heated horse blood agar, 10 per cent. glycerol agar (Oxoid base 2), Dorset's and Lowenstein-Jensen egg media; these were incubated at 370 C.
Development of the growth on erythrocytes was observed in microcultures, viewed directly with a Wild x 50 phase-contrast lens and condenser. Microcultures were prepared from the fluid cultures containing whole blood. After incubation of the primary culture for 3 days, a few drops of culture were placed on a sterile slide, under a sterile cover-slip, and sealed at the edges with sterile beeswax. These microcultures were incubated for 12 hrs, at the relatively low temperature of 25°C., according to the technique originally employed by Turner (1935) for demonstrating the organism of bovine pleuropneumonia.
Positive results were achieved in approximately 90 per cent. of tests, after 3 days' incubation of primary cultures, followed by 12 hours' incubation of microcultures, but in the remaining cases, the primary cultures were positive after a further week, or, in one example, after 3 weeks.
Preparations for electron microscopy were made from the microcultures, by harvesting the contents of several with a Pasteur pipette, suspending in distilled water, permitting the erythrocytes to sediment naturally, and re-suspending twice; the sediment was then placed directly upon a membrane. These preparations were shadowed with gold palladium mixture.
Results
The primary cultures inoculated with serum were intended to confirm, with larger numbers, the observations previously reported in this journal (Pease, 1969) , and they gave the same results. Visible turbidity, consisting of budding spheroplasts, appeared in all cultures within 2 to 6 weeks, usually in the shorter time, and the spheroplasts were readily seen in wet smears of centrifuged deposit, under the phase-contrast microscope (see Pease, 1969 for method and illustrations). In younger cultures, before development of visible turbidity, small numbers of spheroplasts could be seen, but it was not easy to distinguish them from debris, platelets, etc., until their concentration had increased.
In primary cultures inoculated with blood, and containing numerous erythrocytes, development of the L-form was much more rapid, and it was readily observed in the microcultures made from such primary cultures. As seen by phase-contrast (Figs 1 to 10), they exactly paralleled the appearances in the dark-ground photomicrographs of Turner (1935) , illustrating the organism of bovine pleuropneumonia. In the present instance, further detail was provided also by the electron microscope (Figs 11 to 14) . In the later stages of culture (Figs 6, 9, 10), the L-forms became free of the erythrocytes and grew in the medium, as in the case of the primary serum cultures.
In microcultures made from primary cultures that had been incubated for 3 days at 370 C., themselves incubated for 12 to 24 hrs at 250 C., the erythrocytes showed numerous bulbs, varying from 0 3 to 1*0 f, attached by short stalks to the periphery of the (Fig. 6 ). This consisted of rather larl bodies, sometimes more than one on the stalk, and superficially resembling the sessile bacteria Hyphomicrobium. In
Turner, who worked with pure cultures, have been observed on erthrocytes I Amici, Murri, and Paparelli (1967) , whc the small, stalked bulbs developed fr bodies with the cell (Fig. 17) , and by Villi who described both the filaments and microbial forms.
The most characteristic mycoplasma were found in microcultures prepared (9) ). 1 in width cultures (7 to 8 weeks). These were the 'asterococci' longer upon from which one of the former names of the pleuronts could be pneumonia organisms was derived (Figs 7, 8, 9) . It g into chains is generally agreed (Turner, 1935; Freundt, 1952; mbling strep-Klieneberger-Nobel and Cuckow, 1955 ) that these her incubated develop from ring-shaped bodies (Figs 11, 14) by the e number of growth of arm-like projections (Figs 7, 8, 9, 12, 14) . e transforma-The electron micrographs may be compared with as it occurred the appearances in mycoplasmas associated with observed an animal arthritides (Fig. 16) , and both electron and genethode I. phase-contrast micrographs with the dark-ground mycoplasmas photomicrographs of Turner, and the electron als (compare micrographs of Freundt and of Klieneberger-Nobel and Cuckow. The sprouting arms then ramify to genethode III produce a small mycelium that then breaks down microcultures into coccal forms, in the same manner as the simple ger spherical filaments, previously described (Figs 8, 9, 10 ). This same slender represents Turner's genethode I. Small clubbed and little-known dumb-bell-shaped rods (Turner's genethode V) were addition to also visible (Fig. 6) . See also 0rskov (1942) . these bodies by Tedeschi, ) showed that CULTURAL CONTROLS *om granular To check that the cultures were pure at all times, lequez (1965) , and that the different morphological forms were I the hypho-stages in the development of a single micro-organism, subcultures on solid media were made from the appearances original serum, at the time of inoculation of the I from older primary cultures, and at random times during the (Pease, 1967) , and also because, in this case, it was the potential presence of a contaminating mycoplasma against which the controls were directed, and these are best tested on blood or heated blood agar or PPLO agar. Glycerol agar was employed, in a later stage of the investigation, for the purpose of detecting and isolating the reverting bacillary forms of the L-form, that occurred in fluid primary cultures (Pease, 1967 (Pease, , 1969 , although these grew also, if less well, on all the solid media described. Subcultures of the bacillary phase grew well, and the study of this organism, and its further identification by cultural, physiological, and immunological methods is proceeding. Preliminary experiments (undertaken in collaboration with Dr. C. F. Hawkins) suggest that a relationship exists between degree of allergic reaction to this micro-organism and severity of rheumatoid arthritis, and it is hoped to present this evidence at a later date. FIG. 17 Drawing after the electron micrographs of ultrasections, by Tedeschi and others (1967) . (a) granule under surface oferythrocyte (hatched); (b) and (c) development of bulb on short stalk.
Discussion
The observations recorded in this paper serve to confirm my previous description of bacterial L-forms in the blood of arthritic subjects, in an increased number of cases, and also further to explain the irregular results achieved by different investigators, some of whom have described mycoplasmas and bacterial L-forms in this disease, whereas others have been unable to detect any infective agent. The L-form is not only slow and difficult to grow in culture, but its morphology is very variable, and when growing in association with blood cells, it may be impossible to isolate. The bacterium has been provisionally assigned to the Listeria group (Pease, 1967 (Pease, , 1969 , and is thus related to Erysipelothrix, according to the criteria of Wilson and Miles (1964) : an organism that has often been associated with arthritides of lower animals. Its L-form is now shown to pass through a morphological cycle closely resembling that of the classical pleuropneumonia organisms, which have also been associated with arthritides of lower animals.
The evidence that rheumatoid arthritis is accompanied, in many cases, by a massive infection of erythrocytes with bacterial L-forms, attached to the surface of the cell, suggests an additional factor that may be concerned in the phenomenon of differential sedimentation rates. Probably the cyst-like bodies seen in the original L-form cultures (Pease, 1969) were heavily infected blood cells.
A further point may be made in reference to the haemolytic anaemia 'so frequently present in active cases of rheumatoid arthritis' (Dacie, 1962) . This leading authority indicated that the evidence pointed to the possibility of a foreign antigenic system in the erythrocytes, although it had not, at that time, been recognized.
Although I do not wish to be interpreted as suggesting that infection of the blood, or even of the joint fluids, with mycoplasma-like L-forms is necessarily the sole factor in infection-induced arthritis, further support is lent to this concept by the recent demonstration by Warren, Marmor, Liebes, and Hollins (1969) , that a congenitally transmissible agent from human lesions can cause polyarthritis in mice: the organism described in this paper can almost certainly be congenitally acquired (Pease, 1967) . This type of infection seems to be acute in cases of arthritis, but it is found to some extent in many apparently normal persons. The disease must still be regarded as an immune disturbance, although it may be mediated by infection with sub-cellular bacterial elements, according to the types of mechanism suggested by me in a previous monograph (Pease, 1965) .
Two obvious and much-quoted potential sources of error must be discussed at this point. Configurations claimed to resemble the forms illustrated here as typical of classical pleuropneumonia organisms have been described frequently as 'myelin formations', and are supposed to be caused by droplets of free lipid, especially cholesterol and its derivatives, in an aqueous medium (Wilson and Miles, 1964) . It is, however, apparent that this confusion has extended to genuine mycoplasma cultures (Partridge and Klieneberger, 1941; Villequez, 1965) , probably because these microorganisms actually have a high lipid content. In the present case, many bizarre forms were observed and disregarded; usually these were many times larger than the structures illustrated as mycoplasmalike L-forms in this paper, and resembled the accidental lecithin formations illustrated by Partridge and Klieneberger (1941) . The mycoplasma forms could not only be observed to grow in microcultures, under the microscope, but retained substantially the same morphology in the electron micrographs of erythrocytes after plasmolysis by distilled water. The earlier, granular stages were identical with those shown in the erythrocyte, in electron micrographs of ultra-sections, by Tedeschi and others (1967) (Fig. 22) . Tedeschi, Amici, and Paparelli (1969) obtained evidence of nucleoside metabolism in erythrocytes, that they attributed to parasitism by L-forms. The same cycle was followed in culture by Turner (1935) and 0rskov (1942) , and resemblances between the forms described and figured by different authors, using different methods, are much too close to be accidental. The second potential source of error is obviously contamination, and it is apparent that the possibility can never be absolutely eliminated. It can only be stated here that rigorous controls weie used, and that within the limits of these methods, the purity of the cultures was assured.
Summary
Evidence is presented indicating the close association of what is believed to be a bacterial L-form with the erythrocytes of arthritic subjects. Both phase-contrasts and electron micrographs showed very strong resemblances between these L-forms and classical pleuropneumonia-like organisms. The close similarity between these and mycoplasmas found in association with arthritis in lower animals is pointed out. 
